Purpose : To investigate the relationship between CAG repeat length in the androgen receptor gene and impaired spermatogenesis in Hong Kong Chinese population. Methods : The CAG repeat region was amplified by polymerase chain reaction (PCR) in 85 nonobstructive azoospermic or severe oligozoospermic men, and 45 fertile males. The number of CAG repeat was analyzed by DNA sequencing. Serum FSH, LH, and testosterone levels were also determined in these men. Results : Among nonobstructive azoospermic males, three men (5.7%) possessed short CAG repeats (<16), and three (5.7%) other men possessed long CAG repeats (>30). Short CAG repeats (<16) were also found in two severe oligozoospermic males (6.3%). The incidence of infertile men with short or long CAG repeats is significantly higher in the azoospermic group ( p = 0.03) but not in the severe oligozoospermic group ( p = 0.17) when compared with the fertile controls. Conclusion : Our data suggest an association between CAG repeat lengths and impaired spermatogenesis in azoospermic males in our population.
INTRODUCTION
Defective spermatogenesis is one of the common causes of male infertility. Genetic changes associated with male infertility include disease-related infertility (e.g., patients with cystic fibrosis), chromosomal abnormalities, and microdeletions of the Y chromosome (1, 2) . Spermatogenesis is exquisitely androgen-dependent, but most males with impaired spermatogenesis have normal serum androgen levels. Malfunction of AR is a possible cause of the impaired spermatogenesis. Androgen receptor (AR) is a structurally conserved member of the steroid/thyroid 1 Department of Obstetrics and Gynaecology, The University of Hong Kong, Pokfulam Road, Hong Kong, People's Republic of China. 2 To whom correspondence should be addressed; e-mail:
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receptor gene superfamily. It encodes a single copy gene in the X chromosome. The AR gene is composed of eight exons coding for 919 amino acids. It consists of three main functional domains: transactivation domain (exon 1) at the amino-terminal end, DNA-binding domain (exons 2-3), and hormonebinding domain (exons [4] [5] [6] [7] [8] at the carboxy-terminal end. Androgens, when bound to the hormone-binding domain, activate the receptor, causing nuclear translocation of the ligand-receptor complex and a series of molecular events leading to the transactivation of androgen-regulated genes (3) . Previous studies demonstrated that the length of CAG repeat can drastically change the properties of the androgen receptor (4) (5) (6) . These changes have clinical implications for human diseases and could lead to abolition of AR function (7) . Expansion of CAG repeats in different disease genes accounts for at least five inherited neurodegenerative disorders including spinal and bulbar muscular atrophy, Huntington's disease, spinocerebellar ataxia, dentatorubral pallidoluysian atrophy, and Machado-Joseph disease. The expanded repeats are unstable and show a tendency to expand over generations (8) . Clinical features of spinal and bulbar muscular atrophy include androgen insensitivity as evidenced by testicular atrophy, impotence, gynecomastia, oligo-or azoospermia, and elevated serum gonadotrophin levels (9, 10) . On the other hand, short CAG repeats are associated with increased risk of prostate cancer and the development of metastatic disease (11) . The molecular mechanisms underlying these expansions or contractions are not yet known but are believed to involve either unequal crossover or single-strand slippage of the DNA polymerase during meiotic DNA replication (12) .
Previous studies had provided endocrinebiochemical evidence linking oligozoospermia and azoospermia to abnormalities of AR (13) (14) (15) (16) . The expansion or contraction of CAG repeats may vary among infertile populations of different ethnic origin. Expansion or contraction of CAG repeats in the androgen receptor gene has been reported in men with defective sperm production in different populations including Japanese (17), Australian (18) , Singaporean, and American (19) but not in European (20) (21) (22) (23) . The main objective of this study was therefore to determine the CAG repeat length analysis in a series of 85 Hong Kong Chinese infertile men with varying degrees of impaired spermatogenesis. It has been reported that the size of the CAG repeats in normal population also varies in a race-specific manner. For instance, the prevalence of short CAG repeats (<22 repeats) is high among African Americans (75%) but low among Asians (49%) (24) . Therefore, 45 Hong Kong Chinese male volunteers of proven fertility were used as our normal controls in this study.
MATERIALS AND METHODS

Patients
Infertile men were recruited from the infertility clinic at the Department of Obstetrics and Gynaecology, The University of Hong Kong. This study was approved by the Ethics Committee, Faculty of Medicine, University of Hong Kong. Informed consent was obtained from each patient. Eighty-five patients of Chinese origin with either nonobstructive azoospermia (n = 53) or severe oligozoospermia (<5 million sperm per milliliter in the ejaculate, n = 32) were recruited. Semen analysis was performed according to the World Health Organization guidelines (25) . Forty-five healthy male volunteers with proven fertility and with no previous infertility history or treatment served as controls. Blood was taken from the recruited subjects for DNA extraction and for the determination of follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone (T).
Hormone Assay
Serum concentrations of FSH and LH were measured by commercial chemiluminescence-based immunoassays (Chiron Diagnostics Corporation, East Walpole, U.S.A.). Serum concentration of T was determined by radioimmunoassay using 125 I-labelled T (Diagnostic Products Corporation, Los Angeles). To determine whether any patient with recognized androgen insensitivity on the basis of their hormone profile, the androgen insensitivity index (ASI) was calculated by multiplying the serum concentrations of LH and T (13) . Since the normal hormone reference ranges and ASI range are not available from our Chinese population; therefore, these ranges were obtained from the assay kit manufacturers. Normal FSH: 1.5-10 IU/L; normal LH: 3.0-13.5 IU/L; normal T: 10-35 nmol/L; normal ASI: 15-270.
DNA Isolation and CAG Repeat Analysis
Genomic DNA was extracted from peripheral blood lymphocytes by using the DNA isolation kit for mammalian blood (Boehringer Manheim Corp., TN.). The CAG repeats in exon 1 of the AR gene containing the CAG repeat region was amplified with primers flanking the repeat segment by PCR (17) . PCR was carried out in a reaction volume of 25 µL containing 100-200 ng of genomic DNA, 1.5 mM MgCl 2 , 200 µM dNTP, 10 pmole primer, 1 × PCR buffer, and 1 U Taq polymerase. The PCR buffer, dNTP mix, and Taq polymerase were purchased from Boehringer Manheim Corp. Thermocycling consisted of an initial denaturation of 2 min at 94
• C, and of 35 cycles of 30 s at 94
• C, 30 s at 49-50
• C, and 30 s at 72
• C. The amplified DNAs were sequenced by direct dideoxy terminator cycle sequencing using the dRhodamine Cycle Sequencing kit and an ABI Prism 310 automated sequencer (both from Perkin Elmer Applied Biosystems, Foster City, CA). The exact number of the CAG repeats located in exon 1 was then determined after sequencing. Those samples with abnormal CAG repeat were further confirmed after two successive sequencing from the same sample.
Statistical Analysis
Statistical analyses were performed by using SPSS software package, version 10.1 (SPSS Corp., Chicago, IL). The following statistical analyses were based on data from a previous study of the androgen receptor gene polymorphism (18) . The Mann-Whitney test was used to evaluate the significance of the difference of the mean number of CAG repeats and the hormone levels between normal fertile control and infertile groups. The incidence of long or short CAG repeat length in infertile groups was compared with fertile control group by using Fisher's exact test. The locations and the shapes of the distribution of the CAG repeat lengths in normal fertile control and infertile patients were examined by Komogorov-Smirnov test. Statistical significance was defined as a two-sided p value of <0.05.
RESULTS
Analysis of the CAG Repeats Within the Androgen receptor Gene
The CAG repeat lengths in 53 nonobstructive azoospermic and 32 oligozoospermic patients were compared with those of the fertile control group (Table I) . The mean CAG repeat length in azoospermic group was 23.3 ±4.0 (mean ± SD) with a range of 15-36 and the severe oligozoospermic group was 22.7 ± 3.7 (mean ± SD) with a range of 14-28. In the fertile control group, the mean CAG repeat length was 23.0 ± 3.1 (mean ± SD) with a range of 16-30. There was no significant difference in the mean number of CAG repeat length among the three groups of men.
We defined those men having <16 and >30 CAG repeats as short and long CAG repeat, respectively, because they are outside the range of CAG repeat found in our fertile controls. In the azoospermic group, three patients (subject no. s40, s46, and s99) pos- Note. The CAG repeat length is expressed as mean ± SD (range). Hormone and ASI values are expressed as median (range). FSH = follicle stimulating hormone; LH = luteinizing hormone; T = testosterone. The androgen insensitivity index (ASI) was calculated by multiplying the serum concentrations of LH and T. * p < 0.05 significantly higher than normal fertile control group. sessed short CAG repeat, and three patients (s44, s108, and s117) possessed long CAG repeat. In the severe oligozoospermic goup, only two patients (s68 and s77) possessed short CAG repeat (Table II) . Statistical analysis of the incidence of azoospermic men with short or long CAG repeat is significantly higher in the azoospermic group ( p = 0.03) but not in the severe oligozoospermic group ( p = 0.17) when compared with the fertile controls. The distribution of the CAG repeat lengths is shown in Fig. 1 . KomogorovSmirnov test showed no difference in the distribution of CAG repeats length when compared between the fertile control group and the two infertile groups. Y chromosome microdeletion was performed in these fertile and infertile men as described previously (2). Among infertile males, five nonobstructive azoospermic and three severe oligozoospermic patients with Y chromosome microdeletion were also included in the analysis. However, their CAG repeat length was within the range in our fertile controls. No Y chromosome microdeletion was detected in all nonobstructive azoospermic and severe oligozoospermic patients that showed abnormal CAG repeats suggesting that Y chromosome microdeletions and abnormal CAG repeats are independent contributors to male infertility.
Hormone Analysis
As shown in Table I , high serum FSH alone is more commonly found in our nonobstructive azoospermic men as indicated by the high median FSH value when compared with the fertile controls ( p < 0.05). High serum LH level was detected in about half of these patients with high serum FSH. High serum LH leads to an increase in ASI in these patients as indicated by the high median LH level and ASI index in the nonobstructive azoospermic group when compared with the other two groups. As shown in Table II , increased serum FSH concentration was observed in five azoospermic patients (s40, s44, s46, s99, s108) and in one severe oligozoospermic male (s68) with abnormal CAG repeat length. Since high FSH level alone was found in majority of nonobstructive azoospermic men with normal CAG repeats; therefore, elevated FSH levels was not di- rectly associated with abnormal CAG repeats. In the nonobstructive azoospermic group, increased LH levels in the upper normal range and higher ASI were observed in three patients with short CAG repeats, and lower LH levels and ASI index were found in another three patients with long CAG repeats in nonobstructive azoospermic group.
DISCUSSION
The association between the length of CAG repeats in the AR gene and impaired spermatogenesis has been reported in some populations of azoospermic or oligozoospermic males (17, 19, 26, 27) . Similar reports on Chinese population are scarce. There are only two studies reporting the occurrence of long CAG repeats in a mixed population of ChineseIndian and Australian-Chinese-Indian infertile patients when compared with their fertile controls of different ethnic origins (5, 18) . However, the relationship between expansion/contraction of CAG repeat and male infertility in Chinese is still unknown as these studies did not define the range of CAG repeats in each ethnic group. Moreover, our recent study demonstrated that different types of Y microdeletions exist between different Chinese populations (2) . Therefore, it is important to examine the relationship between the length of CAG repeats and impaired spermatogenesis in our Chinese population.
In this study, both long and short CAG repeats are found in the azoospermic males. The incidence of men with abnormal CAG repeat is significantly higher in the azoospermic group (11.4%, p = 0.03) but not in the severe oligozoospermic group (6.3%, p = 0.17) when compared with that in the fertile controls. The lack of association in the severe oligozoospermic group could be due to small sampling size. Y chromosome microdeletions screening was also performed in the same group of nonobstructive azoospermic and severe oligozoospermic patients. The results are reported elsewhere (2) . We found no Y chromosome microdeletion in any of the azoospermic and severe oligozoospermic patients with abnormal CAG repeats. Similar results were also observed in the study of Liow et al. (28) . These data indicate that Y microdeletions and abnormal CAG repeat length are independent contributors to male infertility.
In comparison with our studies, higher incidence of abnormal CAG repeats was reported in other populations (Table III) . We suggest that the variability of the results by various investigators is mainly attributed to regional variations and differences in ethnic origin of the studied subjects. This is because lower incidence of abnormal CAG repeats was reported in nonobstructive azoospermic men from Japan and the absence of abnormal CAG repeats found in European infertile populations (20) (21) (22) (23) . Other factor could be due to patient selection because patients with Y chromosome deletions were excluded in their studies (18, 19, 26, 27 deletions, the incidence of infertile men with abnormal CAG repeat becomes slightly higher, 12.5% (6/48) and 6.9% (2/29) in nonobstructive azoospermic and severe oligozoospermic men, respectively. The expansion or contraction of CAG repeats may vary among populations of different ethnic origin. In oligozoospermic men, short CAG repeats are frequently found in Chinese and Japanese populations, whereas long CAG repeat is predominantly found in North American men (Table III) . In azoospermic men, both long and short CAG repeats are found in our population, whereas only long CAG repeats are observed in other populations.
The ranges of normal for the hormone concentrations and ASI were slightly different from the range of normal for fertile men presented in Table I . This can be explained by two reasons. First, these normal ranges are not derived from Chinese men. Second, the reference ranges quoted from the manufacturer were obtained from a heterogeneous normal healthy population with unknown fertility status.
High FSH level alone is not directly associated with abnormal CAG repeats because high FSH level was observed in majority of our nonobstructive azoospermic men with normal CAG repeats. There is no correlation between abnormal CAG repeat length and serum T level in this study. However, we observed elevation of LH levels and higher ASI in azoospermic patients with short CAG repeats. An elevated ASI is regarded as an indication of androgen insensitivity, which leads to elevation of LH and T as a result of impaired negative feedback control of the hypothalamic-pituitary-testicular axis (29) . Both LH levels and ASI were strikingly higher in azoospermic patients with short CAG repeats than in azoospermic patients with long CAG repeats. The serum LH levels in the upper normal range in the azoospermic patients with short CAG repeats may reflect resistance to androgen action. It has been suggested that short CAG repeats affected the androgen receptor function by suppressing the expression of the AR gene in patients with complete androgen insensitivity syndrome (6) . On the other hand, progressive expansion of the CAG repeat was shown to cause a linear decrease of transactivation function and this may subsequently lead to a failure of spermatogenesis (5) . Together, these data indicate that a suitable CAG repeat length is needed for the proper maintenance of the AR function.
In conclusion, our findings show abnormal CAG repeat length in our Chinese infertile population. However, how the changes in CAG repeat length of AR affect spermatogenesis in these infertile patients are still unknown.
